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Abstract. The study aimed to observe the influence of day-length on tuberization of three 
potato varieties (Trezor, Christian and Cumidava) in geographical conditions with long photoperiod. 
Varieties belonged to three different maturation groups: early, semi-early and semi-late. Potatoes 
were planted at three different dates and data was collected at 20, 25 and 45 days from emergence. 
The number of stolons formed at 20 days from emergence was greatly influenced by the number of 
day-light hours, the influence being greatest in the case of early and semi-early varieties. At 25 and 
45 days from emergence varieties had similar reactions to photoperiod with differences being 
negatively highly significant when having 15.0 and 15.5 hours of day-light in comparison to 14.5 
hours of day-light. Great differences were observed under different photoperiod conditions in the 
case of tuber development. In long photoperiod conditions, like the case of Romania, plating should 
take place so that tuberization occurs at the beginning of May when 14.5 hours of light per day are 
available. Getting over this photoperiod threshold determines great reduction in tuber number.  
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INTRODUCTION 
 
Life cycles of plants including tuberization and flowering are strongly related to 
environmental factors such as photoperiod and temperature (Nam et al., 2005). Day length 
has direct influence on potato variety growing period and yielding (Asakavičiūtė et al., 
2007) and fluctuations in day length are critical to promote differentiation of tubers in 
potato (Rodríguez-Falcón et al., 2006). The tuberization response to photoperiod is a 
quantitative trait and a complex, multistep process (Kittipadakul et al., 2012) comprising 
several stages: stolon formation and growth, induction of tuberization, tuber initiation, and 
tuber growth. (Aksenova et al., 2012). Tuberization of potatoes exposed to different 
photoperiod regimes has been earlier investigated in several studies. However, there is still 
a limited understanding of the entire tuberization process and the factors influencing this 
process (Zaban et al., 2006). Potato cultivars (varieties) differ from one another in many 
respects (Thompson, 2010), some of them requiring a short-day photoperiod for 
tuberization (Bou-Torrent et al., 2011), as long day conditions favour high growth of the 
foliage apparently at the cost of the tubers (Marwaha and Sandhu, 2002). Modern cultivars 
are much more day neutral and so over much of Europe the effect of day length on 
potatoes is not noticed (MacKerron and Haverkort, 2004). 
Tuber number is a function of stem population (Adhikari, 2005) and may be 
determined by the number of stolons (Wurr et al., 1997) and their branching (Celis-
Gamboa et al., 2003), as a morphogenetic transition from stolon to tuber under complex 
environmental and endogenous regulation (Fischer et al., 2008), but is also influenced by 
cultivars and several other factors, which control vegetative growth (Adhikari, 2005). 
Recent research has shown that stolon production and subsequent tuber set occurs 
over a relatively short period of time after plants emerge. Anything that slows plant growth 
during the first 21 days after emergence was shown to reduce the number of tubers set 
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plant (Thornton et al., 2007). Tuber-size distribution is regulated by many diverse, 
interacting mechanisms and is therefore difficult to understand and manipulate (Struik et 
al., 1990). Tuber size variation is partly caused by stolon characteristics, including their 
date of initiation, position and size, hence is determined before tuberization. Tuber-specific 
factors, such as the position and activity of the tuber initial also play a role, but the date of 
initiation of an individual tuber is not crucial (Struik, 1991). The extent of the 
photoperiodic response affects the time and synchrony of potato yielding in areas differing 
in the latitude (Aksenova et al., 2003) and potatoes are highly productive in mid- to high-
latitude areas where photoperiods change significantly throughout the growing season 
(Wheeler and Tibbitts, 1996). This is why, the investigation of the photoperiodic control of 
potato tuberization and its regulation is not only of theoretical but also of practical 
importance (Aksenova et al., 2003). 
Day length in geographical conditions of Romania which offer long photoperiod 
conditions is different from other potato cropping geographical areas in Europe at the same 
calendar dates. According to astronomic calculation for these conditions day length has 
values bellow 14 hours in March, a date which does not coincide with the tuberization 
period of potato. The period in which potato tuberizes in Romania is generally situated 
between May 15 and 25, when day length gets over 15 hours, which is why these 
influences have a smaller effect upon tuberization, and varieties cropped in these 
photoperiod conditions are majorly comprised in semi-early - semi-late groups, developing 
tubers during medium length days or even medium towards long. Calculations referring to 
sunrise and sunset hour in Romania at early planting made in greenhouse during the month 
of March show a day length of 14 hours 23 minutes - 15 hours 34 minutes. This means that 
for tuber formation, field data referring to a day length of 12 hours in Northern European 
countries (Holland, Denmark, Sweden, Great Britain) may not be considered in countries 
with long photoperiods like Romania, thus the necessity of this study. 
 
MATERIALS AND METHODS 
 
In order to highlight the influence of day-length (photoperiod) in the geographic 
conditions of Romania (between 43037’07” at Zimnicea and 48015’06” at Horodiştea), 
three potato varieties were studied, each belonging to a different maturation group: 
‘Trezor’ (early), ‘Christian’ (semi-early) and ‘Cumidava’ (semi-late). Researches were 
conducted in vegetation vases within the vegetation house of the University of Agricultural 
Sciences and Veterinary Medicine Cluj-Napoca, between experimental years 2011 and 
2012. 
Seed tubers of the three varieties were sorted and calibrated on the same size, 
keeping in count the correlation between tuber size and the number of emerged sprouts. 
Tubers were sprouted in dark and then exposed to light after classical technology. Three 
sprouts were left at planting in order to obtain the uniformity of experimental factors upon 
stolonization and tuberization. Tubers were planted in vegetation vases, in a substratum 
containing 60% fallow soil, 30% peat and 10% sand. In order to relieve the influence of 
photoperiod upon tuberization and its interaction with soil type, planting was set at the first 
of April, 15th of April and first of May, so that day-length during tuberization coincides 
with 14.5, 15.0 and 15.5 hours of natural day-light (Fig. 1 and 2).  
Tuber determination, expressed through the number of tubers formed (separated in 
four different size categories 5-10mm, 10-20mm, 20-30mm and over 30mm) and through 
the number of stolons, was quantified at 20, 25 and 45 days from plant emergence, so that 
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the experimental factors are better appreciated. Calculation and rendering of the results 
were done after consecrated statistical methods like variance analysis. “t” test was used for 
difference significance, with the calculation of limit differences for significance thresholds 
of 5, 1 and 0.1%. The test of multiple comparisons Duncan was also used, in which each 
variant was considered as a control sample for the others.    
 
a. Planting at first of April                   b. Planting at 15th of April 
 
c. Planting at first of May 
Fig. 1. Photoperiod at planting 
 
a. Planted at first of April                                       b. Planted at 15th of April 
 
c. Planted at first of May 
Fig. 2. Photoperiod at tuberization time 
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RESULTS AND DISCUSSIONS 
 
Photoperiod represented through the number of light hours, influenced formation 
of stolons and tubers in all experimental varieties (Tab. 1 and 3). After 20 days from plant 
emergence it was noticed a great influence of day-length upon the number of stolons 
formed in different photoperiods. Among the three experimental varieties, ‘Christian’ 
variety was less influenced, stolon number differences up against control sample (14.5 h of 
light) being smaller. In the case of ‘Trezor’ and ‘Christian’ stolon number differences were 
negatively very significant, these varieties being evidently influenced by photoperiod.  
 
Table 1 
The influence of photoperiod in interaction with the variety on the stolon/plant number (2011-2012) 
 
The influence of day-length upon potato stolonization was highlighted through the 
Duncan test, stolon number differences being significant from 14.5 hours of light to 15.0 
and 15.5 hours/day respectively. At 20 days from emergence no differences of stolon 
number were noticed between 14.5 hours of light and 15.0 hours of light/day. After 25 and 
45 days from emergence, all of the varieties reacted similarly under the influence of 
photoperiod. Stolon number differences were negatively very significant in the case of 
15.0 and 15.5 hours of light per day comparatively to 14.5 hours. After interpreting the 
Days after 
emergence Cultivar Photoperiod 
N
0
 of 
stolons/pl. 
Percentage Dif./Signif. Duncan test 
20 
Trezor 
14.5 hours 18.20 100 Ctr. KL 
15 hours 8.40 46 -9.80000 ABCDE 
15.5 hours 8.20 45 -10.00000 ABCDE 
Christian 
14.5 hours 16.80 100 Ctr. JKL 
15 hours 14.00 83 -2.80- GHIJ 
15.5 hours 13.00 77 -3.800 GHI 
Cumidava 
14.5 hours 13.00 100 Ctr. GHI 
15 hours 5.00 39 -8.00000 A 
15.5 hours 5.60 43 -7.40000 A 
25 
Trezor 
14.5 hours 16.40 100 Ctr. IJKL 
15 hours 10.80 66 -5.60000 DEFG 
15.5 hours 7.20 44 -9.20000 ABC 
Christian 
14.5 hours 19.00 100 Ctr. L 
15 hours 12.40 65 -6.60000 FGH 
15.5 hours 9.40 50 -9.60000 BCDEF 
Cumidava 
14.5 hours 14.00 100 Ctr. GHIJ 
15 hours 6.00 43 -8.00000 AB 
15.5 hours 7.40 53 -6.60000 ABCD 
45 
Trezor 
14.5 hours 18.00 100 Ctr. KL 
15 hours 10.60 59 -7.40000 CDEFG 
15.5 hours 5.00 28 -13.00000 A 
Christian 
14.5 hours 16.20 100 Ctr. IJKL 
15 hours 11.00 68 -5.20000 EFG 
15.5 hours 7.40 46 -8.80000 ABCD 
Cumidava 
14.5 hours 15.20 100 Ctr. HIJK 
15 hours 5.00 33 -10.20000 A 
15.5 hours 5.60 37 -9.60000 A 
LSD(p5%) 
LSD (p1%) 
LSD(p0.1%) 
 3.02 3.03-375 
 4.02  
 5.20  
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results through Duncan test it was noticed that the early variety ‘Trezor’ presented 
significant differences of stolon number when having 15.0 and 15.5 hours of light both at 
25 and 45 days from emergence (Tab. 1). The mean of the three varieties showed 
negatively highly significant differences for the stolon number obtained at 14.5 hours of 
light/day for all the planting periods. Analyzing the results through the Duncan test no 
differences were noticed between the stolon number obtained for 15.0 and 15.5 hours of 
light at 20 and 25 days from emergence. At 45 days from emergence, things changed and 
stolon number differences appeared for the three photoperiods (Tab. 2).  
 
Table 2 
The influence of photoperiod on the stolon/plant number (2011-2012) 
 
When analyzing the interaction between variety and day length, at 20 days from 
plant emergence, an influence was depicted on the number of tubers at all experimental 
varieties. All of the three time intervals at which determinations were made showed an 
influence of the photoperiod upon tuberization. All varieties had a low number of tubers at 
long photoperiod, the number differences of tuber/plant being negatively highly significant 
in comparison to the control sample (14.5 hours). Day length seems to have had a stronger 
influence on tuber formation at early variety ‘Trezor’, which has the greatest tuber number 
differences in different photoperiod conditions. Analyzing the results obtained through 
Duncan rendering significant differences were noticed on the tuber number/plant between 
the 14.5 hours photoperiod and the 15 and 15.5 hours. The latter two did not show the 
same difference (Tab. 3). 
The mean of tuber/plant number on the three experimental varieties was strongly 
influenced by day length. Tuber number differences were negatively highly significant 
when comparing the photoperiod of 15 and 15.5 hours of light/per day to the one of 14 
hours per day during tuberization. The Duncan test also confirmed this result. The negative 
influence of a longer photoperiod was noted by Singh et al. (2011) as well. They noted a 
shoot length decrease influenced by photoperiod increase, when exposing tubers to 15 
hours of light. The experiment showed flowering inducement and a reduction of tuber 
yield due to the long photoperiod. Tuber distribution on size fractions is influenced by 
tuberization period and the number of stolons forming tubers (Brown, 2008). Tubers 
Days after 
emergence Photoperiod 
N
0
 of 
stolons/pl. 
Percentage Dif./Signif. Duncan test 
20 
14.5 hours 16.00 100 Ctr. C 
15 hours 9.13 57 -6.87000 B 
15.5 hours 8.93 56 -7.07000 B 
25 
14.5 hours 16.47 100 Ctr. C 
15 hours 9.73 59 -6.73000 B 
15.5 hours 8.00 49 -8.47000 B 
45 
14.5 hours 16.47 100 Ctr. C 
15 hours 8.87 54 -7.60000 B 
15.5 hours 6.00 36 -10.47000 A 
LSD(p5%)  1.74 1.75-2.05 
LSD (p1%)  2.32  
LSD(p0.1%)  3.00  
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formation is presented under the influence of the factors taken under study (variety and 
photoperiod) in a time interval of 20-25-45 days from emergence (Tab. 4).  
 
Table 3 
The influence of photoperiod in interaction with the variety on the tuber/plant number (2011-2012) 
 
    
The early variety ‘Trezor’ is highlighted as it developed tubers larger that 30mm 
starting at 25 days from emergence under the influence of a day length of 14.5 hours 
during tuberization. 45 days after emergence, all experimental varieties presented tubers of 
all size fractions, but the number was bigger when tuber initiation took place during a 
period with 14.5 hours day length. The number of tubers larger than 30mm formed at 45 
days from emergence was comprised between 3-5.33 when day length was of 14.5 hours, 
1.33-2.66 when day length was of 15 hours and 1.33-2.33 when day length was of 15.5 
hours (Tab. 5). 
 
Days after 
emergence Cultivar Photoperiod 
N
0
 of 
tubers/pl. 
Percentage Dif./Signif. Duncan test 
20 
Trezor 
14.5 hours 13.00 100 Ctr. HIJ 
15 hours 5.00 39 -8.00000 ABCDE 
15.5 hours 5.00 39 -8.00000 ABCDE 
Christian 
14.5 hours 11.20 100 Ctr. GHI 
15 hours 7.60 68 -3.60000 CDEF 
15.5 hours 4.20 38 -7.00000 ABC 
Cumidava 
14.5 hours 10.00 100 Ctr. FGH 
15 hours 3.20 32 -6.80000 A 
15.5 hours 3.20 32 -6.80000 A 
25 
Trezor 
14.5 hours 14.20 100 Ctr. IJ 
15 hours 8.20 58 -6.00000 EFG 
15.5 hours 6.00 42 -8.20000 ABCDE 
Christian 
14.5 hours 15.60 100 Ctr. J 
15 hours 10.20 65 -5.40000 FGH 
15.5 hours 7.20 46 -8.40000 BCDEF 
Cumidava 
14.5 hours 11.60 100 Ctr. HI 
15 hours 5.00 43 -6.60000 ABCDE 
15.5 hours 6.20 53 -5.40000 ABCDE 
45 
Trezor 
14.5 hours 15.40 100 Ctr. J 
15 hours 8.20 53 -7.20000 EFG 
15.5 hours 4.60 30 -10.80000 ABCD 
Christian 
14.5 hours 13.80 100 Ctr. IJ 
15 hours 7.80 57 -6.00000 DEF 
15.5 hours 5.60 41 -8.20000 ABCDE 
Cumidava 
14.5 hours 12.40 10320 Ctr. HIJ 
15 hours 4.00 36 -8.40000 AB 
15.5 hours 4.40  -8.00000 ABCD 
LSD(p5%) 
LSD (p1%) 
LSD(p0.1%) 
 2.95 2.96-3.66 
 3.93  
 5.09  
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Table 4 
The influence of photoperiod on the tuber/plant number (2011-2012) 
 
Table 5 
The evolution of average tuber/plant number in different photoperiod conditions 
Day length Determination date Variety  
N0 of tubers/pl. Total N0 of tubers/pl. 5-10mm 10-20 mm 20-30mm >30mm 
14.5 hours 
20 days 
Tresor 5 5.66 2.33 0 12.99 
Christian 3.22 4.33 3.66 0 11.21 
Cumidava 3 4.33 2.66 0 9.99 
25 days 
Tresor 4 4.33 2.66 3.33 14.32 
Christian 4.66 5.33 5.66 0 15.65 
Cumidava 3.66 4 4 0 11.66 
45 days 
Tresor 3.66 2 4.33 5.33 15.32 
Christian 3.33 2 4 4.33 13.66 
Cumidava 4.33 2.33 2.66 3 12.32 
15.0 hours 
20 days 
Tresor 2 2 1 0 5 
Christian 5 2.66 0 0 7.66 
Cumidava 1.66 1.5 0 0 3.16 
25 days 
Tresor 3.66 2.66 1.66 0.33 8.31 
Christian 4 4.33 2 0 10.33 
Cumidava 2 3 0 0 5 
45 days 
Tresor 1 2.33 2.33 2.66 8.32 
Christian 1.5 3 1.66 1.66 7.82 
Cumidava 0.66 1 1 1.33 3.99 
15.5 hours 
20 days 
Tresor 1.66 2 1.33 0 4.99 
Christian 2.33 0.66 1.33 0 4.32 
Cumidava 1.33 1.33 0.66 0 3.32 
25 days 
Tresor 1.33 2 2.33 0.33 5.99 
Christian 3.66 1.33 2.33 0 7.32 
Cumidava 4 1.66 0.66 0 6.32 
45 days 
Tresor 0.66 0.33 1.33 2.33 4.65 
Christian 2 1 1.33 1.33 5.66 
‘Cumidava’ 1.33 0.33 1.33 1.33 4.32 
   
 Planting time influenced productive results (Caruso et al., 2010) offering a higher 
number of tubers at an earlier planting. The number of sprouts per seed tuber varied 
because of different pre-sprouting conditions and/or because of the use of different 
cultivars (Haverkort et al., 1990), a shorter day length determining a greater number of 
stolons, while the early and semi-early varieties formed more stolons than the semi-late 
one, regardless of the date the determination was made. The results here presented might 
be explained on some degree by records of other researches showing that the relationship 
Days after 
emergence Photoperiod 
N
0
 of 
tubers/pl. 
Percentage Dif./Signif. Duncan test 
20 
14.5 hours 11.40 100 Ctr. D 
15 hours 5.27 46 -6.13000 AB 
15.5 hours 4.13 36 -7.27000 A 
25 
14.5 hours 13.80 100 Ctr. E 
15 hours 7.80 57 -6.00000 C 
15.5 hours 6.47 47 -7.33000 BC 
45 
14.5 hours 13.87 100 Ctr. E 
15 hours 6.67 48 -7.20000 BC 
15.5 hours 4.87 35 -9.00000 AB 
LSD(p5%)  1.71 1.71-2.00 
LSD (p1%)  2.27  
LSD(p0.1%)  2.94  
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between tuber size and total tuber weight is probably affected by photoperiod (Hurtado-
Lopez et al., 2012). Van Dam et al. (1996) show that higher temperatures and longer 
photoperiod delayed the onset of expolinear tuber growth and the onset of linear tuber 
bulking. 
CONCLUSIONS 
 
1. It can be appreciated that the day length of 14.5 hours during tuber initiation is a 
threshold over which the number of tubers per plant is significantly reduced. If a 14.5 day 
length is realized at the beginning of May (like in Romania) it becomes obvious the 
importance of early planting so that potato tuberizes at the beginning of this month, when 
day length does not get over 14.5 hours of light per day. 
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